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CURRENT STATUS OF THE SOLID-PROPELLANT FLIGHT-TEST VMICLE 

Carl A. Sandahl* and James L. Raper* 
NASA Langley Research Center 
Langley Station, Hampton, Va. 

The capabi l i t ies  and l imitat ions of the staged, solid-propellant rocket vehi- 
c le  system for conducting aerodynamic t e s t s  within the atmosphere are  discussed. 
Problem areas i n  aerodynamics, dynamics, propulsion, and t ra jectory control 
peculiar t o  these systems are  covered. A J r k a Q  Some cost data are  included. 

Introduction 

Today's t a l k  i s  directed a t  the  project manager 
who i s  faced with t h e  task  of securing aerodynamic 
t e s t  data for  a configuration or  purpose for  which 
ground f a c i l i t i e s  prove t o  be inadequate. We w i l l  
discuss how the solid-propellant f l i g h t - t e s t  vehicle 
can be used i n  such s i tuat ions,  what are some of i t s  
operational problems, and what a re  the  costs. 

The use of solid-propellant f l i g h t - t e s t  vehi- 
c les  for aerodynamic tes t ing  has advanced from 
single-stage systems capable of subsonic speeds 
20 years ago t o  complex multiple-stage vehicles 
capable of near-orbital speeds today. Numerous 
vehicle configurations have been developed over the 
years t o  meet various payload requirements. 
e ra l ly ,  the new configurations have taken advantage 
of the new rocket motors and advancing s t a t e  of the 
a r t .  With pract ical ly  each new vehicle system some 
new problem area has been uncovered and subsequently 
solved. Today we plan t o  touch br ie f ly  on general 
problems which have plagued these vehicle develop- 
ments and t o  elaborate on those special  problem 
areas which have resulted from the more advanced 
vehicle systems now being employed t o  boost larger 
payloads t o  higher veloci t ies .  

~ 

Gen- 

In order t o  place some prac t ica l  bound on our 
discussion, only operational or near operational, 
unguided, aerodynamically s tabi l ized vehicles 
operating within the atmosphere w i l l  be considered. 
These vehicles spread over a range which includes 
the $1,200 one-stage Arcas meteorological rocket 
with a payload weight of approximately 10 pounds up 
t o  the $400,009 M = 24 three-stage RAM B vehicle 
with a payload weight of approximately 200 pounds. 
I n  between are  multistage systems capable of a range 
of payloads and veloci t ies .  

Fig. 1 shows one of the  current multistage 
vehicles capable of M = 20 with various payload 
sizes. 

Within the  aforementioned bounds; l e t  us 
examine the capabi l i ty  of the  unguided solid- 
propellant rocket vehicle as it exis t s  today for 
performing aerodynamic tes t ing .  

A bibliography of vehicle technology i s  
included a t  the  end of t h e  paper. 

Attainable Test Spectrum 

For the  systems under discussion, the  a t ta in-  
able  t e s t  spectrum i s  governed primarily by rocket 
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motor staging, payload weight, and drag. However, 
certain other considerations have an influence. 

Fig. 2 shows i n  general the aerodynamic t e s t  
corridor covered by present and projected vehicle 
systems. The e f for t  and cost required t o  conduct 
a f l ight  t e s t  increases with speed and the offset  
fromthe center l i n e  of the corridor. 

The corridor i s  bounded on the upper side by 
considerations of aerodynamic s tabi l iz ing forces 
(weather cocking) which a re  required t o  a l ine the 
vehicle with the f l i g h t  path on a near nonlifting 
b a l l i s t i c  t ra jectory.  
unguided vehicles. 
determined by aerodynamic loading considerations 
and the capability of a s t ructure  t o  withstand 
these loads. The maximum velocity i s ,  of course, 
governed largely by the t o t a l  impulse of the system. 
Maxim velocity a lso appears t o  be limited by 
increasin- unfavorable thrust-to-drag ra t ios  on 
the f ina l  stages of these all-atmospheric vehicles. 
Dispersion a l so  begins t o  appear as a secondary 
limiting factor  f o r  near o r b i t a l  t e s t  speeds. 

Remember tha t  these are 
The lower corridor boundary i s  

A nonlimiting factor ,  but one of increasing 
importance as velocity is  increased, i s  telemetry 
signal attenuation. 
increased body bluntness, low signal strength and 
frequency, and lowered antenna efficiency. Allevi- 
a t ing factors  for t h i s  problem are  suggested by the 
aforementioned factors .  Other means of circum- 
venting the problem include materials injection and 
data storage and playback. 

This problem i s  aggravated by 

With a general t e s t  corridor, s o  defined, l e t  
us now examine some of the  special problems attend- 
ant t o  the  successful operation of vehicles capable 
of operating within t h i s  corridor. 

Aerodynamics 

Aerodynamically speaking, the rocket vehicle 
systems we are  ta lking about are qui te  sophisticated 

of f l igh t  within the  atmosphere a t  near orb i ta l  
speeds. Indeed t h i s  i s  the capability which renders 
them a t t rac t ive  for cer tain t e s t  purposes, but a t  
the  same time requires advanced aerodynamic design 
considerations. 

f l y h g  mchines. P.5 T?C)ted e z r l i e r ,  t h e y  -re C q x h l C  

The aerodynamic design of a rocket vehicle sys- 
tem includes the conventional textbook prediction of 

These methods have been developed and are  well 
documented. One note of caution i s  i n  order however. 
The interference e f fec ts  of tandem l i f t i n g  surfaces 
have got t o  be carefully accounted for part icular ly  
i n  the case of the ro l l ing  derivatives. Current 
analytic methods w i l l  work, hut they must be used 
with care and diligence. 
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So much for the  more c l a s s i c  aerodynamic prob- 
lems. I n  Fig. 3 are  shown some of the current more 
special  problem areas. A t  the  low-speed end of the  
chart  i s  shown an area called large angle-of-attack 
forces. This covers the  low-speed pa r t  of the 
f l ight s ta r t ing  with l i f t -o f f  during which t i m e  the 
vehicle a t t i tude  i s  sens i t ive  t o  winds. Quite sa t -  
isfactory wind weighting methods fo r  correcting 
launcher angles have been devised; however, they 
generally require force and moment data up t o  and 
beyond 90° angle of attack. The requirement fo r  
accurate large angle-of-attack force data increases 
as  the  l i f t -of f  acceleration decreases. In  some 
cases wind-tunnel t e s t s  a t  these large angles of 
a t tack have been required. 
t h i s  picture it appears t h a t  the so-called quick 
spin vehicles may require consideration of the 
e f fec ts  of spin on the forces and moments during 
l i f t -o f f .  

To fur ther  complicate 

The next special  problem area i s  shown on the 
chart  at about M = 1.0 and is  denoted by venting. 
The venting problem is  generally not handled suf f i -  
c ien t ly  well and frequently i s  considered only as an 
afterthought. The venting problem i s  caused by a i r -  
flow within and through the vehicle occasioned by 
changes in the  atmospheric pressure and i n  the pres- 
sure distribution around the vehicle. Usually the 
pressures and/or pressure distributions change 
slowly enough so tha t  the  leakage flow prevents any 
la rge  buildup of pressure suf f ic ien t  t o  cause struc- 
tural  failure.  For example, the changes i n  pressure 
due t o  change i n  a l t i t ude  alone a re  not generally 
a problem. However, the  changes i n  pressure distri- 
bution which occur i n  accelerating through the tran- 
sonic speed range can lead t o  large,  momentary pres- 
sure imbalances which can f a i l  improperly designed 
elements. Heat shields fo r  example a re  susceptible 
t o  fa i lure  i n  t h i s  mode. The venting problem can be 
handled with proper a t ten t ion  t o  design de ta i l .  
Detailed transonic wind-tunnel pressure-distribution 
t e s t s  have been ca l led  fo r  on occasion. 

The next problem area i s  tha t  concerned with 
The heating problem heating and heat protection. 

i s  indeed a severe one. However, the  problem i s  
alleviated t o  some extent by the  f ac t  t ha t  t he  expo- 
sure times a re  generally re la t ive ly  short. Heat 
sink and ablative protection methods a re  generally 
adequate. 
methods for  predicting temperatures and ablative 
material requirements. 

The main problem i s  t o  have proven 

The remaining special  problem area i s  tha t  of 
the j e t  plume. A s  the a t t i t ude  increases the pres- 
sure of the exhaust j e t  re la t ive  t o  the  ambient 
pressure increases resu l t ing  i n  a large,  and f o r  
aerodynamic considerations, a re la t ive ly  so l id  j e t  
Phme. 
c l e  t o  an extent suf f ic ien t  t o  render the  s tab i -  
l i z i n g  surfaces ineffective over a f a i r l y  substan- 
t i a l  angle-of-attack range during powered flight. 
Lowering the  rocket chamber pressure and increasing 
the nozzle expansion r a t i o  have small benef ic ia l  
effects.  
by the ambient pressure and i s  therefore mainly 
governedby the pressure a t t i tude .  

This plume separates the flow over the  vehi- 

The s ize  of the plume i s  mainly governed 

There appears t o  be no generally acceptable 
passive way of combating the  i n s t a b i l i t y  problem 
caused by t he  J e t  plume. 
t o  be t o  l i v e  with the problem and t o  mke  proper 
allowances. 
t o  a f in i t e  angle-of-attack range. Therefore the 

The main solution appears 

For example, the  i n s t a b i l i t y  i s  l imited 

vehicle motion during the  time of influence of j e t  
pluming i s  essent ia l ly  a bounded coning osc i l la t ion  
and the  mean f l i g h t  path i s  essent ia l ly  t h a t  f o r  
zero lift f l igh t .  A s  the motor th rus t  t a i l s  off 
the motion w i l l  tend t o  diminish depending on vehi- 
c l e  damping and s t ab i l i t y .  The angle of a t tack w i l l  
approach a suf f ic ien t ly  small value so tha t  aero- 
dynamic t e s t s  can be made or a subsequent stage can 
be f i r e d  without introducing unacceptably large 
dispersion. More w i l l  be sa id  on t h i s  l a t e r .  

These then a re  some of the current spec ia l  
aerodynamic problems areas. The areas shown are 
navigable, but require par t icu lar  attention. 

Dynamics 

The primary dynamics problem for  the  unguided 
rocket vehicle i s  the  c lass ica l  one of avoiding 
frequency coupling and resonance. The frequencies 
of concern a re  the s t ruc tura l  bending (usually the  
f i r s t  mode), the  short  period longitudinal pitching 
and/or yawing frequency, and the vehicle spin ra te .  
These are i l l u s t r a t e d  i n  Fig. 5 .  Seldom i f  ever 
do the s t ruc tura l  and the aero short-period f r e -  
quencies resonate. Unfortunately, t h i s  cannot be 
sa id  for the  spin frequency. 
becomes one of arranging the  spin program so tha t  
the spin r a t e  i s  never allowed t o  dwell a t  e i the r  
of the other frequencies. Numerous ploys a re  ava i l -  
able f o r  accomplishing t h i s .  

Basically the problem 

F i r s t  however we should examine why the  vehi- 
c l e s  a re  spun, since t h i s  i s  the  cause of the  prob- 
l e m .  There a re  two reasons: F i r s t ,  it i s  impos- 
s ib l e  t o  prevent some small amount of spin resu l t ing  
from manufacturing tolerances. Second, spin i s  used 
t o  minimize t ra jec tory  dispersions which would 
resu l t  from e f fec t s  of th rus t  misalinement and 
stage separation t ip -of f .  Admitting then the desir-  
a b i l i t y  of spin, we might look a t  two current 
methods of producing the spin program. The f i r s t  
i s  simply t o  cant t he  f i n s  on the  several  stages i n  
some clever way i n  order t o  produce the  desired 
spin program. This does work; however, there  a re  
cases where the  spin so generated plus the acciden- 
t a l  spin could approach the  aero short-period f r e -  
quency. The second method i s  t o  use spin motors 
f o r  adjusting the  spin rate a t  appropriate times 
during the  f l i gh t ;  usually, immediately a t  l i f t -o f f  
as shown i n  the  figure.  Either of the  methods or 
combinations thereof are used successfully. 

The foregoing a re  dynamics problems peculiar 
t o  the  c lass  of vehicles under discussion. I n  t h e i r  
design the  c l a s s i ca l  problems of f l u t t e r  and aero- 
e l a s t i c i t y  must, of course, a l so  be considered. 

Propulsion Considerations 

The most important element of the vehicle sys- 
tems we are  ta lking about i s  the solid-propellant 
rocket. The rocket has an in te rp lay  with the  r e s t  
of the  system which introduces considerations other 
than simply t h e i r  thrust producing capabili ty.  
of these interplaying fac tors  are shown i n  Fig. 4. 
Burn time has been chosen as the  independent var i -  
able. Stage t o t a l  impulse i s  assumed constant. 
Increasing burn time fo r  purposes of t h i s  chart  
implies a t rend from quick burning, high pressure, 
high th rus t ,  metal case motors towards lower pres- 
sure, lower th rus t ,  high mass f rac t ion ,  glass wound 
motors having somewhat poorer s t ruc tu ra l  capabi l i t i es  

Some 



when considered as s t ruc tura l  elements i n  a staged 
vehicle system. 

Some of t h i s  interplay i s  shown on t h i s  fi@;ure. 
Favorable trends a re  shown dashed. The propulsive 
efficiency increases with increased burn time 
ref lect ing increased propellant performance and 
improved mass fract ion obtained with the  lower pres- 
sure glass wound motors. The increasing burn time 
and lower pressure leads t o  only a re la t ive ly  s m a l l  
reduction i n  j e t  plume. A favorable reducing t rend 
of the longitudinal loading i s  also obtained. This 
may be of importance t o  the  survival of the elec- 
t ronics  systems. 

These three aforementioned trends a re  favorable 
t o  some degree. 
the chart, performance predictabi l i ty  and s t ructural  
efficiency, are  unfavorable and are  frequently 
governing. The performance predictabi l i ty  i s  
lowered because the drag, which is  usually an e s t i -  
mated value subject t o  f a i r  sized errors ,  has a 
longer time t o  ac t .  
pounding ef fec t .  For example, suppose the  drag 
coefficient levels  a re  higher than predicted. 
the drag force levels  w i l l  be higher for  two rea- 
sons; namely, the  i n i t i a l  error  i n  the  coefficient 
plus the fac t  t h a t  the t ra jec tory  w i l l  necessarily 
be lower than expected leading t o  higher dynSmic 
pressures and fur ther  increases i n  drag force. It 
i s  i n  t h i s  important respect that the  performance 
of these all-atmospheric f l i g h t  vehicles d i f fe rs  
from v e r t i c a l  or  near ver t ica l ly  launched probes 
and missiles. 

However, the  lower two trends on 

Furthermore there  i s  a com- 

Then 

The remaining trend we note i s  the reduced 
s t ruc tura l  efficiency. This i s  not t o  imply tha t  
the rockets themselves a re  s t ruc tura l ly  ineff ic ient .  
It is  when they are  incorporated i n  a vehicle stack 
and they must serve as  elements of a slender, trans- 
versely loaded e l a s t i c  beam tha t  they show a reduc- 
t ion  i n  s t ruc tura l  efficiency. 
high-performance motors have required additional 
load-carrying s t ructure  which negates par t  of t h e i r  
efficiency. 

On occasion these 

These then are  the more important rocket 
considerations. 

Trajectory Problems 

Perhaps the best way t o  discuss t ra jectory 
problems i s  t o  follow through a typ ica l  f l i g h t  as 
shown i n  Fig. 6. 

Immediately a t  l i f t - o f f  the largest  forces 
act ing on the vehicle a re  the thrus t  and weight. 
Aerodynamic s tab i l iz ing  forces a re  nenlinible. Con- 
sequently t h r u s t  misalinement i s  the predominating 
perturber of the f l i g h t  path. 
solves t h i s  problem. 
small quick burning spin rockets. 

Quick spin methods 
The quick spin i s  produced by 

Also act ing a t  t h i s  time and f o r  some addi- 
t i o n a l  period of time a r e  the perturbing forces of 
the wind. Using detai led wind observations pr ior  t o  
a f l i g h t  t e s t ,  acceptable met,hn& fnr d-cd ~p_i&t icp  
(launcher angle se t t ings)  have been devised f o r  com- 
pensating f o r  most of the  wind ef fec ts .  
methods involve precomputing wind sens i t iv i ty  curves 
showing the  launcher adjustments required. I n  addi- 
t ion,  increasing vehicle acceleration a t  l i f t - o f f  
shortens the  t i m e  the winds are  most detrimental. 
The ass i s ted  l i f t - o f f  i s  accomplished by strapping 

These 

auxiliary propulsive rockets t o  the f i r s t - s tage  
booster. 

Following f i r s t - s tage  burnout, of course, i s  
the i e i t i o n  of the subsequent stages. Generally 
t h i s  i s  done with prepropamed timers. 
f o r  some cases where the accumulated t ra jectory 
errors during f i r s t  stage may be excessive, a com- 
mand f i r i n g  system for igni t ing the subsequent 
stages has been used. With t h i s  system the stages 
a re  igni ted by radio command l a t e r  o r  e a r l i e r  than 
the nominal i n  order t o  a t t a i n  the required payload 
t e s t  region. 
real-time read out of pertinent t ra jectory param- 
eters ,  t h e i r  interpretat ion and decision making 
schedules. 

However, 

This system, of course, includes a 

Stage separation generally implies some dis- 
turbance t o  the f l i g h t  path. 
choose the simplest separation system which w i l l  
give suf f ic ien t ly  small disturbances. The separa- 
t ion systems vary from the re la t ive ly  simple hot 
blow-off systems, the explosive shaped charge, t o  
the  more complicated cold separation system. 
of course, generally minimizes the net t ra jectory 
change. 

The problem i s  t o  

Spin, 

A s  the  a l t i tude  increases the deleterious 
effects  of j e t  pluming previously noted become sig- 
nif icant .  The plume causes a bounded vehicle a t t i -  
tude osc i l la t ion  during powered f l i g h t .  This osc i l -  
la t ion must be damped t o  acceptably low limits f o r  
t e s t  purposes or pr ior  t o  igni t ion of subsequent 
stages. The only useful desiga t o o l  for  predicting 
the  magnitude of t h i s  problem now i s  a complete 
six-degree-of-freedom machine computer program. 
Part icular  a t tent ion i s  paid t o  the j e t  damping 
derivatives and the nonlinear s t a t i c  s t a b i l i t y  of 
the vehicle i n  the presence of the plume. 
studies of t h i s  type define the range of osci l la t ion 
and/or dwell times required for damping pr ior  t o  
subsequent stage ignition. 

Computer 

A s  the  f l i g h t  proceeds we become concerned 
with the a b i l i t y  of the vehicle t o  go "over the 
top," that is ,  i t s  a b i l i t y  t o  weathercock along the 
flight path. Again the computer i s  used t o  advan- 
tage, par t icular ly  f o r  the spinning vehicle. 

The remainder of the t ra jectory problem i s  that 
We are  concerned with the of predicting dispersion. 

dispersion of the payload from i t s  desired aerody- 
namic environment, t h a t  i s ,  the desired box i n  the 
sQ, as well as the impact dispersion of the various 
stages f o r  range safety consideration. Dispersion 
calculation are ,  i n  large measure, judgment tech- 
niques j u s t i f i e d  by s t a t i s t i c a l l y  oriented t ra jec-  
to ry  computations. The oroblem hecnmen nf !!!ore CQE- 

cern as o r b i t a l  speeds are  approached. 

Trajectory considerations indicate tha t  the  
best  overal l  staging arrangement appears t o  be as  
follows: For the re la t ive ly  low thrust-to-weight 
f i rs t -s tage long-burning motors with assis ted l i f t -  
off are desirable t o  "lob" the subsequent stages 
and payload through the  lower a l t i tude  range. Mod- 

motors a r e  desirahle f o r  the  subsequent stages. 
crs$e %= hi&\ f3& y&TnlFG *y.y";s+"?c:ght --)is 

cost 

Assuming tha t  the  development costs have been 
largely amortized and that the payload costs a re  
excluded, the rocket motors are  generally the 



l a rges t  single cost  i t e m  i n  a vehicle system. In 
order t o  arr ive a t  some very general cost  factors  
sui table  for estimating purposes, data f o r  numerous 
current and projected systems were accumulated and 
a r e  shown i n  Fig. 7. Shown here i s  the vehicle cost  
per pound of payload plot ted a s  a function of the 
maximum velocity. This i s  representative of the 
cost  of a complete system, assembled and erected on 
the launcher ready fo r  f i r i ng .  Excluded a re  devel- 
opment costs and payload costs.  

A s  might be expected, the r e su l t s  show a rapid 
increase i n  cost as speed and/or payload weights 
increase. The unini t ia ted might be surprised a t  the  
l eve l  of the cost factor  i t s e l f .  This kind of 
t e s t i n g  does not come cheaply; fo r  example, consider 
R moderately ambitious proposal t o  t e s t  a 200-pound 
payload a t  a Mach number of 20. The t o t a l  vehicle 
cost  comes out t o  be $200,000, a substant ia l  amount 
indeed. 

Concluding Remarks 

Some of the capabi l i t ies ,  l imitat ions,  and 
costs staged solid-propellant unguided vehicles fo r  
conducting tests within the atmosphere have been 
discussed. These vehicles are  capable of producing 
a wide variety of aerodynamic environments, a num- 
ber of which are  unattainable i n  ground f a c i l i t i e s .  
The technology f o r  these vehicle systems has been 
well developed, but needs broader and deeper appli- 
cation i n  t he  development of current and new systems. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Bibliography 

Prince, Luther T . :  The Influence of Structural  
Elast ic i ty  on the S tab i l i ty  of Airplanes and 
Multi-Stage Missiles. North Atlantic Treaty 
Organization, Advisory Group f o r  Aeronautical 
Research and Development, AGARD Rep. 349, 1961. 

Alley, Vernon L., Jr., and Gerringer, A. Harper: 
A Matrix Method f o r  the Determination of the  
Natural Vibrations of Free-Free Unsymmetrical 
Beams With Application t o  Launch Vehicles. 
NASA TN D-1247, 1962. 

Cuddihy, W i l l i a m  F., Beckwith, Ivan E., and 
Schroeder, Lyle C.: Ram B2 Flight Test of a 
Method f o r  Reducing Radio Attenuation During 
Hypersonic Reentry. NASA TM X-902, 1963. 

McIver, Duncan E., Jr.: Study of t he  Effects 
of a Rocket Exhaust on Radio Frequency Signal 
Attenuation by the  Use of a Recoverable Camera 
on the NASA Scout Vehicle. NASA TM x-888, 
1963. 

James, Robert L., Jr. (with appendix by Norman L. 
Crabill) :  A Three-Dimensional Trajectory 
Simulation Using Six Degrees of Freedom With 
Arbitrary Wind. NACA TN D-641, 1961. 

Eherson, Horace F., and Robinson, Robert C.:  
The Transonic Damping i n  Pi tch of Three 
Cylinder-Flare Models With Various Degrees of 
Nose Bluntness. NASA TM x-368, 1960. 

Monfort, James C., and Tunnel, Phi l l ips  J.: 
Some Effects of Flare and Nose Shape on t h e  
Damping- in-Pit ch Characteristics of a B l u n t  - 
Nosed Flare-Stabilized Body at Transonic Mach 
Numbers. NASA TM X-648, 1962. 

8. Gungle, Robert L., Brosier, W i l l i a m  S., and 
Leonard, H. Wayne: An Experimental Technique 
fo r  t he  Investigation of Tipoff Forces Asso- 
ciated With Stage Separation of Multistage 
Rocket Vehicles. NASA TN D-1030, 1962. 

9. P i t t s ,  W i l l i a m  C., Nielsen, Jack N., and 
Kaattari, George E.: Lift and Center of Pres- 
sure of Wing-Body-Tail Combinations at Sub- 
sonic, Transonic, and Supersonic Speeds. NACA 
Rep. 1307, 1957. 

10. Stoney, W i l l i a m  E., Jr.: Collection of Zero- 
L i f t  Drag Data on Bodies of Revolution From 
Free Fl ight  Investigation. NASA TR R-100, 
1961. 

11. Rubesin, Morris W., Rumsey, Charles B., and 
Varga, Steven A.: A Summary of Available 
Knowledge Concerning Skin Frict ion and Heat 
Transfer and i t s  Application t o  the Design of 
High Speed Missiles. NACA RM A5LT25a, 1951. 

12. Bland, W i l l i a m  M., Jr.: Effectiveness of Various 
Protective Coverings on Magnesium Fins a t  Mach 
Number 2.0 and Stagnation Temperatures up t o  
3,600' R.  NACA RM L57J17, 1958. 

13. Anderson, Melvin S., and Stroud, C. W.: Experi- 
mental Observations of Aerodynamic and Heating 
Tests on Insulating Heat Shields. NASA 
TN D-1237, 1962. 

14. Becker, John V . ,  and Korycinski, Peter F.:  
Heat Transfer and Pressure Distribution a t  a 
Mach Number of 6.8 on Bodies With Conical 
Flares and Extensive Flow Separation. 
TN D-1260, 1962. 

NASA 
(Supersedes NACA RM ~ 5 6 ~ 2 2 . )  

15. Rashis, Bernard, Witte, W i l l i a m  G., and Hopko, 
Qualitative Measurements of t h e  Russell N.: 

Effective Heats on Ablation of Several Materi- 
als i n  Supersonic Air J e t s  at  Stagnation Tem- 
peratures up t o  l l , O O O o  F. 
1958 * 

NACA RM L58E22, 

16. Hinson, W i l l i a m  F., and Hoffman, Sherwood: 
Analysis of Jet-Pluming Interference by Com- 
puter  Simulation of Measured Flight Motions of 
Two Ram A Fourth Stages. NASA TN D-2018, 1963. 

17. Hinson, W i l l i a m  F., and Falanga, Ralph A.:  
Effect of J e t  Pluming on the  S t a t i c  S tab i l i ty  
of Cone-Cylinder-Flare Configurations at  a 
Mach Number of 9.65. NASA TN D-1352, 1962. 

18. Buglia, James J., Young, George R., Timons, 
Jesse D., and Brinkworth, Helen S.: Analytical 
Method of Approximating the  Motion of a 
Spinning Vehicle With Variable Mass and I n e r t i a  
Properties Acted Upon by Several Disturbing 
Parameters. NASA TR R-110, 1961. 

19. Martz, C. W i l l i a m :  Method f o r  Approximating the  
Vacuum Motions of Spinning Symmetrical Bodies 
With Nonconstant Spin Rates. NASA TR R-115, 
1961. 

X). Martz, C .  William, and Swain, Robert L.: Experi- 
mental and Analytical Study of Rolling- 
Velocity Amplification During The Thrusting 
Process f o r  Two 10-Inch-Diameter Spherical 
Rocket Motors i n  Free Fl ight .  NASA TM X-75, 
1959- 



21. Nelson, Robert L.: The Motions of Rolling Sym- 
metrical Missiles Referred t o  a Body-Axis 
System. NACA TN 3737, 1956. 

22. Strass, H. Kurt, Stephens, Emily W., Fields, 
E. M., and Schult, Eugene D.: Collection 
and Summary of Flap-Type-Aileron Rolling- 
Effectiveness Data a t  Zero Li f t  as Determinea 
by Rocket-Powered Model Tests a t  Mach Numbers 
Between 0.6 and 1.6. NACA RM L55F14, 1955. 

23. Whitlock, Charles H.: Comparison of Steady- 
State and Six-Degree-of-Freedom Analyses of 
Pitch-Roll Resonance Conditions f o r  a Long 
Slender Sounding Rocket. NASA TN D-1816, 
1963. 

24. Kelly, Thomas C., and Keynton, Robert J.: 
Investigation of the  S ta t i c  Longitudinal Aero. 
d y m d c  Characteristics of a l/l0-Scale Model 
of the Blue Scout Jr. a t  Mach Numbers From 
0.40 t o  1.03. NASA !I" D-1228, 1962. 

25. Penland, Jim A.: S t a t i c  Longitudinal S tab i l i ty  
of a Missile Configuration With Various Nose 
Shapes and Flared Afterbodies a t  a Mach Num- 
ber of 6.82. NASA TM X-274, 1960. 

26. Jorgensen, Leland H. , Spahr, J . Richard, and 
H i l l ,  W i l l i a m  A., Jr.: Comparison of the  
Effectiveness of Flares With That of Fins f o r  
Stabil izing Low-Fineness-Ratio Bodies a t  Mach 
Numbers From 0.6 t o  5.8. NASA 1M X-653, 1962 

27. McLellan, Charles H.: A Method fo r  Increasing 
the Effectiveness of Stabil izing Surfaces at 
High Supersonic Mach Numbers. NACA 
RM L54F21, 1954. 

28. Fisher, Lewis R.: Equations and Charts f o r  
Determining the  Hypersonic S tab i l i ty  Deriva- 
t i ves  of Combinations of Cone Frustums Com- 
puted by Newtonian Impact Theory. NASA 
TN D-149, 1959. 

29. Seiff, Alvin, and Whiting, E l l i s :  The Effect 

NASA T%l X-377, 
of the Bow Shock Wave on the  S tab i l i ty  of 
Blunt-Nosed Slender Bodies. 
1960. 

30. Goodwin, Frederick K., and Kaattari, George E.: 
Estimation of Directional S t ab i l i t y  Deriva- 
t i ves  at S m a l l  Angles and Subsonic and Super- 
sonic Speeds. NASA MEMO 12-2-58A, 1958. 

jl. Hamilton, J. A.: Notes on the Design and 
Performance of a Three-Stage Rocket Test 
Vehicle fo r  Aerodynamic Research at Hypersonic 
Speeds. North Atlantic Treaty Organization, 
Advisory Group fo r  Aeronautical Research and 
Development, AGARD Rep. 387, 1961. 

Multi-Stage Rocket Vehicles. North Atlantic 
Treaty Organization, Advisory Group f o r  
Aeronautical Research and Development, 
AGARD Rep. 389, 1961. 

32. Halsted, H .  F.: The Design and Operation of 

33. Levine, Jack: Performance and Some Design 
Aspects of the  Four-Stage Solid-Propellant 
Rocket Vehicle Used i n  the Ram A 1  Flight 
Test. MSA TN D-1611, 1963. 

34. Kelly, Thomas C., and Keynton, Robert J.: 
Transonic Wind-Tunnel Investigation of the 
Longitudinal Aerodynamic Characteristics and 
Pa r t i a l  Surface Pressure Distributions fo r  a 
l/lO-Scale Model of the RAM B Launch Vehicle. 
NASA TN D-2204, 1963. 

35. Garrick, I. E., and Rainey, Gerald: Remarks 
on the  State-of-the-Art of Buffet-Loads 
Prediction. Presented t o  Structures and 
Materials Panel of A m ,  Par i s ,  France, 
July 1962. 

36. Rainey, Robert W.: Working Charts f o r  Rapid 
Prediction of Force and Pressure Coefficients 
on Arbitrary Bodies of Revolution by Use of 
Newtonian Concepts. NASA TN D-176, 1959. 

37. James, Robert L., Jr., and Harris, Ronald J.: 
Calculation of Wind Compensation f o r  Launching 
of Unguided Rockets. NASA TN D-645, 1961. 

3. Weaver, W i l l i a m  L., Swanson, Andrew G., and 
Spurling, John F.: S t a t i s t i ca l  Wind D i s -  
t r ibu t ion  Data for Use a t  NASA Wallops 
Station. NASA TN D-1249, 1962. 





3 - 

0 



t- 
LL 

cl 
3 
i- 
I- 

W- 

- 
O 
c3 
0 

0 
0 
0 
0- 
0 
N 

8 
0 
0- 
0 - 

0 - 

0 
Z 

r 
0 a z 

I 

0 



. 

2 9 3 J 

a. 
I- w 
7 

I 
I 
I 
I 

I 
I 
I 

f 
0 

Yi 
Lo 

0 



w z 
i= 

ul 
0 

6 



7 
0 
3 \ E  

\ 8  
\ 

\ 
\ 
\ 
\ 

2 

m 
cd 
a, 
k 
cd 



rr) 
0 

0 
n z 

0 
V 

a, 
rl 
V 

I 

c- 

NASA-Langley, 1964 


